Purpose: We describe the technical aspects of real-time transrectal ultrasound (TRUS) monitoring and guidance during laparoscopic radical prostatectomy (LRP). Furthermore, we describe the TRUS visualized anatomy of periprostatic structures during LRP.
During laparoscopic radical prostatectomy (LRP) precise identification of the neurovascular bundle (NVB), prostate apex and bladder neck can potentially further improve outcomes in terms of potency, continence and surgical margins. Some cite the laparoscopic surgeon's intraoperative inability to perform finger palpation of the prostate gland as a potential limitation of the laparoscopic technique compared to open surgery. Transrectal ultrasound (TRUS) is a precise imaging modality of the prostate gland and has been widely used for diagnostic and therapeutic purposes. However, to our knowledge detailed TRUS description of periprostatic anatomy with precise measurement has not been performed to date, with only scant data available in the literature. 1, 2 Sophisticated current scanners that incorporate high frequency gray scale, power Doppler, and 3-dimensional (3-D) imaging have significantly enhanced the capabilities of TRUS. We describe the technical aspects of intraoperative real-time TRUS guidance during LRP, and document quantitative ultrasound (US) measurements of relevant periprostatic structural anatomy.
MATERIALS AND METHODS
In 25 consecutive patients with clinically organ confined prostate cancer undergoing LRP during a 3-month period beginning in March 2003, baseline preoperative, real-time intraoperative and postoperative TRUS evaluation and monitoring were performed (Type 2102 Hawk, B-K Medical, Copenhagen, Denmark). Patient data are presented in table 1 . Of the 25 patients bilateral nerve sparing was performed in 10, unilateral nerve sparing in 5 (right 3, left 2), and nonnerve sparing in 10 patients with compromised potency preoperatively. Thus, of 50 total NVBs we attempted to preserve 25. The ultrasound examiner was positioned between patient legs in the supine lithotomy position. LRP was per-formed using a modified 5-port transperitoneal anterior approach as previously described. [3] [4] [5] Conventional 7.5 MHz gray scale US, harmonic gray scale US, power Doppler US and 3-D US functions were used with probe types 8808 and 8658 (B-K Medical). Doppler gain was set to a point below the range at which blood flow in the NVB was identified without background artifacts. Color gain was increased until clutter noise was observed and then was reduced just enough to remove clutter noise from the appearance of the vessels in the NVB. When measuring NVB parameters a specific preset function (frame rate between 15 and 25, and pulse repetition frequency between 500 and 1,000) was used. Our technique of obtaining sequential TRUS measurements is detailed in Appendix 1.
Preoperative TRUS was performed to obtain baseline data in 3 distinct sets of measurements. In set 1, 3-D gray scale and 3-D power Doppler imaging (B-K probe 8658) were used to obtain a 3-D image of the anatomical course of bilateral NVBs. In set 2 gray scale scanning of the prostate and periprostatic structures was systematically performed (B-K biplane probe 8808). In set 3 the NVB was identified on gray scale US as a hypoechoic bundle (mainly by reflection of the relatively large hypoechoic vascular complex surrounded by hyperechoic fat), within which definitive arterial flow could be confirmed using Doppler spectral waveform analysis. The vascular branches entering the prostate from the main NVB were visualized. In this study the main NVB was defined on TRUS as the main bundle, excluding the branches entering into the prostate. Measurements of preoperative and postoperative resistive index of arterial flow within the NVB were performed under the same CO 2 pressure during LRP (15 mm Hg) to avoid possible flow artifacts caused by pneumoperitoneum pressure. Doppler examination initially visualized the NVB at the base of the prostate, and traced it distally to the apex and proximally to the tip of the seminal vesicle. Once the NVB was identified its dimensions (height and width), and the distance between the most medially located blood vessel and the lateral edge of the prostate were measured at prostate apex, prostate base and tip of seminal vesicle. The numbers of visible vessels within the main NVB were specifically counted before and after surgery.
Postoperative measurements of the NVB were performed after the prostate was completely excised. The prostatic fossa was filled with irrigation fluid to minimize CO 2 artifacts. The urethral dilator (US reflector, hyperechoic) and irrigation fluid (water-echo-texture, hypoechoic) served as anatomical imaging contrast to facilitate identification of the hypoechoic NVB complex on the surface of the hyperechoic perirectal fat. Specific postoperative measurements performed are listed in table 2. Statistical analyses were performing using the chisquare test or Student's t test, with p Ͻ 0.05 considered statistically significant. Analyses were performed with statistical software packages (DA Stats, THINK Pascal 4.02: PAF01644, Tokyo, Japan).
RESULTS
All technical steps of LRP were performed in routine fashion with no disturbance from the presence of the TRUS probe within the rectum. The technical qualities of intraoperative TRUS imaging and real-time guidance are summarized in Appendix 2.
Baseline (preoperative) TRUS anatomical data. In 11 cases (44%) significant median lobe protrusion was identified and relayed to the surgeon in real time. TRUS identified distal protrusion of the prostate apex posterior to the membranous urethra in 13 cases (52%, fig. 1 Mean distance between the NVB and the lateral edge of the prostate was 1.9 Ϯ 0.8 mm at the apex, 2.5 Ϯ 0.8 mm at the base and 4.0 Ϯ 1.6 mm at the tip of the seminal vesicle (SV) (table 2). Compared to the apex the NVB was located at a greater distance from the lateral surface of the prostate at the base (p Ͻ0.001) and from the tip of SV (p Ͻ0.0001). Mean dimensions of 50 NVBs were 4.5 ϫ 3.9 mm before surgery, 4.2 ϫ 3.6 mm after nerve preservation in 25 and 0.9 ϫ 0.9 mm after nonnerve preservation in 25. Compared to baseline, cross-sectional area of the NVB (8.9 Ϯ 2.3 mm 2 before surgery) decreased minimally by 11% (7.9 Ϯ 3.0 mm 2 ) after nerve sparing LRP (p ϭ 0.19) and decreased significantly by 83% (1.5 Ϯ 2.5 mm 2 ) after nonnerve sparing LRP (p Ͻ0.0001).
Preoperatively the mean number of ultrasound visible vessels in the NVB was 2.6 Ϯ 0.7 on the right side and 2.6 Ϯ 0.8 on the left side ( fig. 5, A) . After nerve sparing LRP, mean number of visible vessels in the right and left NVBs decreased significantly to 0.9 and 1.3, respectively (p Ͻ0.0001). No blood vessels were visible at the NVB site after each of the 25 nonnerve sparing procedures. Postoperatively arterial blood flow could be identified in 18 of the 25 NVBs (72%) in FIG. 1. Gray scale longitudinal imaging shows distal protrusion of prostate apex posterior to urethra. Penile bulb is noted as relatively hypoechoic rounded mass attaching to posterior urethra. Sphincter muscle was visualized as relatively hyperechoic area between prostate apex and penile bulb. Preoperative membranous urethral length was measured as distance from prostate apex to entry of urethra into penile bulb.
TRANSRECTAL ULTRASONOGRAPHY DURING LAPAROSCOPIC RADICAL PROSTATECTOMY which nerve sparing was attempted ( fig. 6 ). Arterial blood flow resistive index (RI) within the NVB ( fig. 7 ) was similar before (0.83 Ϯ 0.04 in 50) and after (0.84 Ϯ 0.03 in 18, p ϭ 0.33) nerve sparing, and no blood flow was detected in any NVB after nonnerve sparing LRP (25). Laparoscopic release of NVB could be consistently monitored in real time by gray scale US ( fig. 4, A) .
Real-time US in bladder neck dissection. Real-time TRUS navigation routinely demonstrated the correct plane, remaining shortest distance and precise angle of dissection between the posterior bladder neck and prostate base, allowing quick and precise identification of the vas deferens and seminal vesicle. In our small series no complication of posterior bladder wall buttonholing was noted.
Bulging prostate nodule. TRUS detected a hypoechoic nodule highly suspicious for cancer in 11 of 25 cases (44%). In 6 of the 11 patients the nodule was small with no distortion of prostate contour and no contact with the NVB, therefore, the scheduled nerve sparing LRP was performed. Of the remaining 5 lesions, in 2 the nodule abutted the prostate capsule which alerted the laparoscopic surgeon to go wider at that location, thus preserving the NVB while achieving negative surgical margins on pathology. In 2 additional cases with bilateral needle biopsy proven high grade cancer corresponding to TRUS findings of large volume cancer, nonnerve sparing LRP was performed using an Endo-GIA stapler (United States Surgical, Norwalk, Connecticut), with negative surgical margins in 1 of the 2. In case 5 TRUS overestimated stage pT 2 disease as ultrasonically T 3 suspicious disease. Histopathology confirmed 6 cases with extraprostatic extension (5 pT 3a and 1 pT 3b ), in 3 of which TRUS contributed directly to negative surgical margins.
Rectal wall release. Real-time visualization of the tented-up rectal wall during posterior dissection facilitated avoidance of rectal injury. In this study no rectal injury was noted.
Apical dissection. Real-time TRUS guidance demonstrated the occasional, difficult to see distal protrusion of the prostate apex posterior to the membranous urethra in 13 (52%) of 25 cases ( fig. 1 ). This information significantly helped the surgeon to tailor the apical dissection appropriately with maximal membranous urethral length preservation, obtaining negative surgical margins.
Length of membranous urethra. Mean length of membranous urethra was comparable before (12.2 Ϯ 1.1 mm, fig. 1,  A) , and after surgery (11.7 Ϯ 1.0 mm, p ϭ 0.1).
DISCUSSION
TRUS allows detailed imaging of the prostate and periprostatic structures. In this study we evaluated the technical feasibility of real-time TRUS imaging in 25 men undergoing LRP. Usefulness of real-time TRUS guidance in NVB preservation, apical dissection, bladder neck dissection, identification of vas deferens and seminal vesicles, safe release of rectal wall and measurement of adequacy of urethral stump TRANSRECTAL ULTRASONOGRAPHY DURING LAPAROSCOPIC RADICAL PROSTATECTOMY preservation was studied. Further, anatomical interrelationships of important periprostatic structures were measured objectively.
The cavernous nerves travel along the posterior-lateral border of the prostate within the NVB. 6 Since the NVB is composed of multiple nerve fibers which are often poorly visible intraoperatively, the accompanying arteries and veins can serve as a macroscopic surgical landmark to localize the microscopic cavernous nerves. 6, 7 The ability of TRUS to demonstrate blood flow in the NVB has been previously documented. 1 Using power Doppler US, Leventis et al reported that the NVB is visualized at a discrete distance from the prostate capsule, and that measurement of resistive index (RI) of the NVB is feasible. 2 However, precise measurements have not been provided to date. On Doppler spectral waveform analysis, we could demonstrate the presence of arterial flow wave within the NVB. From detailed anatomical studies of adult male cadaver pelvis, Lepor et al documented that within the NVB the nerves are oriented lateral to the accompanying blood vessels and, thus, may be further away from the prostate capsule than the prostate capsular arteries and veins. 7 Therefore, if TRUS study can confirm preserved arteries and veins within the NVB after nerve sparing LRP, the more laterally located cavernous nerves should theoretically be better preserved. In our study we compared the preoperative and postoperative status of several objectively measurable TRUS parameters to evaluate structural adequacy of NVB preservation. These included diameter (thickness) of NVB, presence of arterial flow and RI within NVB, and number of visible vessels within the NVB.
TRUS measured the distance between the prostate capsule and main NVB bundle to be 2 to 3 mm. This finding is in agreement with the cadaveric study by Lepor et al which documented the prostate capsule and NVB to be separated by 1.5 to 3 mm. 7 Since the major problem with mapping the power Doppler signal energy is motion of tissue (so-called "clutter"), 8 Doppler evaluation should be performed without directly touching the targeted tissue. Spectral Doppler waveform analysis measured RI within the NVB in a reproducible manner. RI represents the impedance of arterial flow, which may change by damage to the artery itself or the surrounding tissues. The measured values of RI in our study were similar between preoperative (0.83) and postoperative (0.84) evaluations. This finding suggests that nerve sparing LRP may successfully preserve at least the artery with no or minimal damage to the surrounding tissue environment around the artery, which may have implications on preservation of cavernous nerve fibers adjacent to the artery. However, in this study the number of visible vessels decreased from 2.6 before surgery to 1.1 after surgery. However, cross-sectional area of the NVB decreased insignificantly by only 11% from preoperative values to values after nerve sparing. We interpret these preoperative and postoperative changes in NVB characteristics in that nerve sparing surgery might cause some damage to the NVB when the dimensions or visible number of vessels decreases significantly. However, when arterial flow could still be detected or NVB dimensions remained well preserved, the coagulation damage by harmonic scissors likely did not reach the deeper (lateral) tissues within the NVB. It remains to be determined whether TRUS documentation of postoperative blood vessel integrity within the NVB correlates with erectile function after nerve sparing LRP.
Coakley et al recently correlated preoperative membranous urethral length, as measured by endorectal magnetic resonance imaging with postoperative continence at 1 year in 211 men undergoing open radical retropubic prostatectomy. Complete continence was achieved in 89% of patients with a preoperative membranous urethral length greater than 12 mm, compared with 77% continence in patients with a preoperative length of 12 mm or less. 9 As an extension of this concept, we believe it is likely that the length of the urethral stump preserved after surgery may be even more predictive of continence. In our study TRUS demonstrated that membranous urethral length was well preserved after LRP with preoperative length 12.2 Ϯ 1.1 mm and postoperative length 11.7 Ϯ 1.0 mm. Corroboration with postoperative continence data is awaited.
TRUS during LRP has certain limitations. Mainly, TRUS is operator dependent. Specifically, real-time TRUS requires considerable prior expertise. Real-time imaging needs dynamic presentation of multiple image frames per second. Since obtaining Doppler signals is difficult when the surgical field is in constant motion, gray scale imaging should be mainly applied for real-time guidance. Since the endorectally located TRUS probe may distort the surgical field by moving the rectal wall, the TRUS examiner should be involved constantly in the US imaging and the laparoscopic picture. Use of an end-fire-type probe may simplify the surgical procedure because end-fire-probe outputs US at the top end of the probe, therefore allowing it to be positioned more distally in the rectum. Also, although CO 2 pneumoperitoneum can theoretically interfere with the ultrasound beam, this did not appear to be a problem in our study.
To the best of our knowledge, this report is the initial examination of the applicability of real-time TRUS guidance during LRP. Zisman et al reported the use of real-time TRUS to determine the site of urethral transection during open radical prostatectomy. 10 In our preliminary study we found the potential advantages of real-time TRUS guided LRP to be that it 1) identifies the anatomical course of the NVB with special reference to its dimension and distance from the edge of the prostate, 2) objectively measures physical adequacy of NVB preservation during LRP in terms of preoperative and postoperative NVB thickness, number of visible vessels and RI of the arterial flow within the NVB, 3) accurately identifies the apical margin of the prostate, 4) aids in precise dissection of posterior bladder neck, vas deferens, seminal vesicle, and in the safe release of the rectal wall, and 5) identifies the location of any hypoechoic bulging nodule in avoiding positive margins.
CONCLUSIONS
Real-time TRUS monitoring of LRP using gray scale, power Doppler and 3-D imaging is technically feasible. TRUS can map important periprostatic structures accurately, potentially enhancing the precision of the laparoscopic procedure. Correlation of intraoperative TRUS navigation with postoperative outcomes in terms of positive surgical margin status, continence and potency awaits. Such a study is currently under way at our institution. 
